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Abstract — A study of the physical and environmental characteristics of a river basin is crucial for advances in 
environmental management and plans aimed at managing and guaranteeing quality adequate to its use in the 
public water supply system. Hence, this study set out to undertake a physico-environmental characterization of 
the drainage basin of the Grande river, which contributes to supplying water to the municipality of Fazenda 
Nova, Goias. The result could help monitor the availability and quality of the water and action for the recovery 
and preservation of areas at risk or degraded. The drainage area extended over 8.64 km 2 with a 14 km 
perimeter. The predominant soils in the hydrographic basin are Red Argisol and Quartzarenic Neosol. 
Morphometric characteristics, soil type, land use and cover and altimetry all indicate warning signals for 
physical and environmental quality. They also indicate that mitigating measures be undertaken, involving 
revegetation of land cover and the adoption of plans for land use and soil cover in the area under study. 

Keywords — Morphometry; environmental quality; hydrographic basin. 

Caracteriza^ao Fisico-Ambiental Da Microbacia 
De ContribuRao Ao Abastecimento Publico De 

Fazenda Nova - Go 


Resumo — O estudo das caracteristicas fi'sicas e ambientais de uma bacia hidrogrdfica e importante para o 
desenvolvimento da gestcio ambiental e pianos que visem o manejo e garantem a qualidade adequadapara a sua 
utilizagao no sistema de abastecimento publico de agua. O objetivo deste trabalho foi a caracterizagao fisico- 
ambiental da bacia hidrogrdfica do corrego Grande, que exerce contribuigao ao abastecimento do municipio de 
Fazenda Nova, GO. O resultado sera auxiliar na monitoragao da disponibilidade e qualidade da agua e agoes 
de recuperagao e preser\>agdo de areas que apresentam riscos ou degradagao. A area de drenagem encontrada 
foi de 8,67 Km 2 e 14 km de perimetro. O solo predominante na bacia hidrogrdfica e o Argissolo vermelho e o 
Neossolo Quartzarenico. As caracteristicas morfometricas, tipo de solo, uso e cobertura da terra e altimetria 
indicam lima situagao de alert a a qualidade fisico- ambiental e para a adogao de meclidas mitigadoras, 
reflorestamento da cobertura florestal e de adogao de pianos de uso e cobertura do solo no local estudado. 
Palavras-chave — Morfometria; qualidade ambiental; bacia hidrogrdfica. 


I. INTRODUCTION 

Water directly interferes with the life cycle of 
living beings and with the way of life of humans, in 
particular. Inadequate use of this hydro-resource has 
resulted in a gradual loss of water quality in sources, due 


to increased sedimentation and more specially to changes 
in potability parameters for human supply. Anthropic 
activity on the biota and soil, with different uses and 
occupation has accelerated the process of water quality 
degradation, with economic and social consequences. 
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According to Coutinho et al. (2013), dynamic 
hydrological processes in basins could suffer 
considerable modification as a result of anthropic 
activities, such as changes in land occupation, 
deforestation, agricultural expansion and intensive 
urbanization. Therefore, alterations in the components of 
the river basin could interfere with the hydrological cycle 
and affect water flow, both qualitatively and 
quantitatively. 

hi Brazil, concern for the management and 
quality of water resources, and recognition of the need to 
preserve such a precious and vital asset, was highlighted 
for the first time in 1934, with the so-called Water Code, 
in Decree 24.543/34 (PIZELLA, 2015). With this, new 
policies emerged, such as the National Water Resources 
Policy (PNRH), the 1997 Law 9.433 (BRASIL, 1997). 
One of its principles establishes that the river basin is the 
territorial unit for implementation of the PNRH and for 
the action of the National System of Water Resource 
Management (SNGRH). 

For Souza et al. (2014), it is crucial to identify 
water quality and verify its vulnerability to human 
activity, when one considers the need to conserve water 
resources. This contributes to its management without 
losing the perspective of analysis of the hydrographic 
basin. Therefore, monitoring the water resource is highly 
relevant, as the physico-environmental characterization 
of a basin can be used as a starting point for designing 
projects for a water supply system for human 
consumption and for monitoring and managing the 
quality and quantity of drinking water. 

Coutinho (2013), Calilef al. (2012) and Santos 
(2015) emphasize that characterization of the physical 
environment of the river basin, with a view to drawing 
attention to all critical areas from the point of view of 
water maintenance, is a basic condition for planning 
water conservation and the production of water, as are 
also land use and cover. For Pompermayeret al. (2016) 
and Santos (2015), therefore, spending on monitoring 
and planning for preserving the environmental quality of 
a river basin contributing to supply, generates beneficial 
economic returns, and maintains the availability and 
quality of drinking water. 

With all of the above as a background, the aim 
of this study was the characterization and physico- 
environmental mapping of the Grande river micro basin, 
located in the municipality of Fazenda Nova, Goias, with 
a view to qualifying it in terms of vulnerability, on the 
basis of the quality and availability of water for public 
supply of the municipality. 


II. MATERIALS AND METHODS 

The Grande river basin is a micro basin of the 
Araguaia river basin, which covers the midwestern 
region of the State of Goias, located between the 
50°47T0,34”W - 16°9’58,24”S and 50°47’38,84”W - 
16°13’23.20”S coordinates (Google Earth Pro, 2017). 
The predominant climate in the region is tropical (Aw), 
according to the Koppen (1948) classification. The basin 
covers an area of 8.64 km 2 and presents a perimeter of 14 
km Red Argisol and Quartzarenic Neosol soils 
predominate in the region, according to data collected 
from the LAPIG geographical information site. 

The Fazenda Nova micro basin was chosen for 
survey in this study because of its extension and also 
because it is a basin contributing to the municipality’s 
public supply, as interference could affect the water 
needs of the population of the region. 

According to Valle Junior et al. (2010), data of 
various types must be obtained through the supervised 
classification of images to survey the environmental 
quality in the basin, and the interference of 
physiographic characteristics, plant density and land use 
and cover in water quality and availability for supplying 
the region. 

A Geographic Information System was used to 
organize and process the information obtained. Other 
instruments, such as Google Earth Pro and the 
TerraClassCerrado project collection were also used. The 
latter provides a series of geographic data about the 
Cerrado (Savannah), processed and organized into 
thematic maps from which shapefiles of the area can be 
downloaded and data for further analysis extracted. 
Therefore, the use of geographic information instruments 
was vitally important for the drafting of this project. 

For the cartographic base, data collected in the 
virtual environments of geoinformation, such as the 
Laboratory of Image Processing and Geoprocessing 
(Lapig), State System of Geoinformation of Goias 
(SIEG) and TerraClassCerrado. The data obtained, in 
shape format, were the drainage network of the Grande 
river basin, land use and cover, local geology, altimetry 
and hypsometry of the river basin and other 
characteristics which interfere with water quality and 
availability. These data were then processed, digitized 
and used in designing the maps using the Geographic 
Information Systems (GIS), Quantun Gis (Qgis) and 
Spring. 

Following Bosquita et al. (2016), the quality of 
drainage of the micro basin was studied on the basis of 
density (Dd). This is a parameter for knowing the 
development of the drainage system, and it is obtained 
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by the ratio between the total length of the drainage 
network, including perennial and intermittent channels, 
and its total area (A). From this result, data which 
indicate the susceptibility of the micro basin to erosion 
can be obtained, by relating it to the results obtained 
from parameters, such as the surface runoff ramp length 
(RL) and the ruggedness index (RI), presented in Table 
1 . 

Table 1. Description of morphometric parameters and 


their formulas. Adapted from Pinto et al. (2014). 


Parameter 

Formula 

Description 

Drainagedensit 
y (Dd) 

Dd =ZTIVA 

TL is the total 
length of all 
channels (km); A 

is the total 

drainage area 

(km 2 ). 

Surface runoff 
ramp length 

(RL) 

RL =l/4Dd 

Dd is the 

drainage density 
(km km 2 ). 

Ruggedness 
Index (RI) 

RI = W*Dd 

Wis the 

altimetric width 

of the basin 

(km); Dd is the 
drainage density 
(km km 2 ) 


According to Pinto et. al. (2014), the calculation 
of these parameters, with drainage density, results in the 
vulnerability of the micro basin to the surface erosion, 
presented in Table 2. Thus, with adaptations for the study 
of the micro basin, the calculation was made with the 
sum of weights which range from 5 (very high) to 1 
(very low). 

Table 2. Intervals for vulnerability analysis. Adapted 


from Pinto et al. (2014). 


Interval - 

Resultof 

addition 

Degree of 
vulnerability 
to surface 

erosion 

Vulnerabilityscale 

From 3 to 

5.4 

Very low 

1 

>5.4 to 7.8 

Low 

2 

>7.8 to 

10.2 

Average 

3 

>10.2 to 

12.6 

High 

4 

>12.6 

Very high 

5 


After the review and analysis of satellite 
images, field observations were made in order to verify 


the critical degradation points in the delimited area of the 
basin. The main focus of the on-site visit was an analysis 
of the main sources virtually located through Google 
Earth Pro. The sources confirmed were georeferenced 
and their coordinates are presented in Table 3. 
Evaluation of the sources (A, B. C, D, E and P) was 
conducted using studies by Belizario (2015) and Gomes 
et al. (2005) which present an analysis based on 
perception, observing characteristics such as vegetation, 
color and odor of the water, presence of residues and 
animals, and anthropic use. 

Table 3. Coordinates of the location of the sources 
visited in the drainage basin of the Grande river, 
Fazenda Nova, Goias. Google Earth, 2017. 

,, Coordinates 


Latitude Longitude 


Source A 

-16.187299° 

-50.782840° 

Source B 

-16.188053° 

-50.783327° 

Source C 

-16.188669° 

-50.784102° 

Source D 

-16.193747° 

-50.781238° 

Source E 

-16.188592° 

-50.786559° 

Source F 

-16.187830° 

-50.789455° 

Source G 

-16.180925° 

-50.791405° 

Source H 

-16.179129° 

-50.791202° 

Source I 

-16.176589° 

-50.793643° 

Source I 

-16.179311° 

-50.802968° 

Source K 

-16.180037° 

-50.804109° 

Source L 

-16.188073° 

-50.799003° 

Source M 

-16.202059° 

-50.797965° 

Source N 

-16.201019° 

-50.792314° 

Source O 

-16.198799° 

-50.785547° 

Source P 

-16.191417° 

-50.778797° 


The studies by Belizario (2015) and Gomes et 
al. (2005) on the quality of sources, use macroscopic 
parameters to obtain results which determine if the 
source falls within the quality categories ranging from 
“excellent” to “very bad”, as presented in Tables 4 and 5. 
The evaluation parameters received weights ranging 
from 1 to 3, which were added, and the result then served 
as a parameter for the qualitativeclassification of the 
source. The other sources were visually evaluated by 
means of processing and vectorization of the 
CNES/Airbus satellite images. However, in this case a 
maximum of possible parameters, such as proximity to 
homes, location and presence of preservation areas, was 
observed. This analysis could yield data on critical points 
in the micro basin. 
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Table 4. Classification of the quality of sources in terms 
of preservation. Adapted from Gomes et al. (2005). 


Qualitylevel 

Score 

Excellent 

37 to 39 points 

Good 

34 to 36 points 

Reasonable 

31 to 33 points 

Poor 

28 to30 points 

Bad 

Lessthan28 points 


Table 5. Weight and description of macroscopic 
parameters. Adapted from Gomes et al. (2005). 


Parameters 

Weight 


Color 

ofwater 

1) Dark 

2) Clear 

3) 

Transparent 

Odor 

1) Strong 

2) Weak 

3) None 

Refuse in 
thevicinity 

1) Much 

2) Some 

3) None 

Floating 

materials 

1) Many 

2) Some 

3) None 

Scum 

1) Much 

2) Some 

3) None 

Oil 

1) Much 

2) Some 

3) None 

Sewage 

1) Present 

2) Some 

3) Absent 

Vegetation 

1) 

Serious degradat 
ion 

2) 

Lowdegradat 

ion 

3) Preserved 

Usedby anim 
als 

1) Presence 

2) Only 
traces 

3) Absent 

Anthropic 

use 

1) Presence 

2)Only traces 

3) Absent 

PresenceofP 

PA 

1) 

Withoutprotecti 

on 

2) 

Withprotecti 

on 

(withaccess) 

3) 

Withprotectio 

n 

(withoutacces 

s) 

Proximityto 

homes 

1) <50 meters 

2) 50 to 100 

meters 

3) >50 meters 

Typeof 
ownership of 
the area 

1) Absent 

2) Private 
property 

3) Parks 
orprotectedar 

eas 


Evaluation of the interference of land use and 
cover in the environmental vulnerability of the 
hydrographic basin was obtained by applying the study 
method proposed by Mota (2013) and Pinto et al. (2014). 
Their methodology consists of adopting weights for each 
type of land cover (Table 6). These were then multiplied 
by the area of occupation and the result divided by the 
area of the micro basin. 

Table 6. Degree of vulnerability attributed to land use 


and cover units. Adapted fromPinto et al. (2014). 


Land 

Fore 

Silvicult 

Agrofores 

Pastu 

Urbanar 

use/cover 

St 

ure 

try 

re 

ea 


Weightattrib 

uted 

1 

2 

3 

4 

5 


III. RESULTS AND DISCUSSION 

The Grande river micro basin presents a 
drainage extension of 13,436 km, and was classified as 
fourth order. Drainage density (Dd) in the area studied 
was 1.55 knikm 2 , and characterized as a basin with good 
drainage, according to Bosquila’s (2016) classification, 
even though Calilef al. (2012) and Perico (2011) 
considered a density below 5 km.km 2 as low drainage. 

If a river has in presents high density, this means 
that the soil is not very permeable. This could influence 
the occurrence of flooding and the transportation of soil 
particles to water bodies, according to Rocha and Kutz 
(2001). Thus, low drainage density means that the basin 
is less susceptible to erosion. The micro basin studied 
presents good density, which indicates that the soil has 
reasonable rain water infiltration capacity. But it should 
be noted that this parameter alone cannot be used as an 
indication of an area of low vulnerability. Perico et al. 
(2011) define drainage density as a parameter indicating 
the degree of development of the water system. 

Ramp length (RL) is the slope of the terrain 
down to the river, in other words, the greater the slope 
the greater the transportation of soil particles and 
rainwater to the river. When compared to the 0.1751RL 
found by Pinto et al. (2014), who state that this value 
could influence soil loss, it could thus be affirmed that 
the slope of the micro basin of the Gtande river, in 
relation to the main water body (0.771), could lead to the 
transportation of soil particles. 

Ruggedness index (RI) yielded a value of 186. 
Higher and lower RI values represent higher and lower 
potential for erosion, respectively. This parameter is used 
to verify the suitability of the soil for certain uses and 
occupation. A study by Oliveira (2013) in the same 
region and biome as that studied here, produced a 
ruggedness index of between 17.7 and 27.2 for the Meia 
Ponte river basin, classifying it as having capacity for 
forestation only. This result is lower than that of 186 RI 
found in the Grande river micro basin. This shows the 
need for greater focus on the management and 
stewardship of the area. The same occurs in the physico- 
conservationist analysis of the subbasin of the Ibicul 
river, Rio Grande do Sul (Sampaio et al ., 2010), which 
has an RI ranging from 0.565 to 4.428, which shows 
capacity for forestation in the sites with higher values. 

The interaction of these three morphometric 
parameters gives the micro basin’s degree of 
susceptibility to soil erosion.when compared with studies 
by Pinto et al. (2014) and Bueno et al. (2011), the result 
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of this interaction showed an average degree of 
vulnerability to surface erosion. In the pedological 
description of the micro basin, presented in Table 7, two 
soil profiles were described,Dystrophic Red Argisol, 
corresponding to approximately 88% of the area of the 
micro basin and Dystrophic RegolithicNeosol covering 
12% of the area, represented in Figure 2. In the micro 
basin area. Red Argisol (PVd) predominates in an area 
presenting undulated relief with gravel and stones which, 
according to Calil et al.{ 2013), are factors which 
accelerate surface runoff. 

According to Araujo et al. (2004) and Santos 
(2013), the PVd unit presents low fertility (dystrophic) 
soils, characterized as being more susceptible to 
erosion,and also with low rates of water infiltration. As 
the Argisol is porous there is greater percolation and 
leaching of elements and low retention of pollutants, as 
is represented in Figure 1. Such factors contribute to and 
alert for areas subject to degradation and susceptibility to 
erosion, which suggests the need of conservation 
practices to prevent the transportation of sediments to the 
water body used for the region’s public supply. 



Fig,l. Map of the predominant soil profiles in the area 
studied. 


Table 7. Survey of characteristics of soil types found 
(SIEG, 2013). 


Class 

Are 

a 

Characteri 

Stic 

Relief 

Vulnerabi 

lity 

Texture 

Argjs 

ol 

7,61 

2 

km 2 

Gravelandst 

one 

Undulati 

ng 

2.2 

Average/c 

lay 

Neos 

ol 

1,02 

1 

km 2 

Sand 

Undulati 

ng 

2.8 

Average 


The altimetry of the region is 560 meters at its 
highest point and 400 meters at its lowest. Thus, its 
altimetric width yielded 160 meters, as presented in 
Figure 2. In comparison with studies by Reckziegel and 
Robaina (2006), the area of the micro basin can be 


characterized from a slope between 14% and 27%, 
altimetric width greater than 100 meters and predominant 
altitude greater than 160 meters, with relief varying from 
undulating to steep. It can thus present hills and hillocks, 
which results in a process of surface dynamics of erosion 
to mass movements. 



Fig.2. Map of the representation of level curves and 
hypsometry of the hydrographic micro basin. 


hr the micro basin, eighteen sources were 
mapped, as shown in Figure 4. From the field research, it 
was seen that of these, thirteen are perennial, and five (B, 
F, O, G, L) intermittent. During the temporal evaluation 
of the satellite images, some changes in location were 
observed. These are now more downstream, the result of 
deforestation in the region to make way for pasture. As a 
result of the mapping, representation of a drainage 
network was also extracted which was more complex 
(Figure 3) than those available in the SIEG and LAPIG 
sources. This difference is due to the use of a smaller 
scale to interpret the image features. Therefore, division 
of the hydrographic basin into a smaller scale (micro 
basin) helped obtain a better drainage network, covering 
all runoff stretches, whether perennial or intermittent. 




Uicalion Map 

H Hydrographic Micn> I Iasin I mill 
CD l-a/cnda Mova Municipality 
CZ] fiwfi* Suite Municipalities 


Hydrouraptiii' Micro Rosin Arm 

• Water Catchment MM 

• Sources 

Grande River Drainage 


Sujiv Uni!. SILO wd Ocutle tUufc Pie 
LlVtCnmtnacWni 
Dnurn SirgahidOO 


Fig.3. Map of source locations and drainage network in 
the micro basin of the Grande river ona scale of 
1 : 10 , 000 . 
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The field study helped with the location and 
evaluation of the environmental impacts of the sources. 
The macrocosmic parameters of the six main sources (A, 
B, C, D, E and P), presented in Figure 4, were evaluated 
according to Gomes’s (2005) previously presented 
method. Only one of the six sources was evaluated as 
“good”, while the others ranged from “very bad” to 
“bad”, as presented in Table 8. The other sources were 
not visited or analyzed as they showed a deficit in 
preservation area, where only five (J, M, K, Q and P) 
have a 50-meterradius of protective vegetation, as 
demanded by the Forestry Code (2012, Law 12651). 

Carvalho (2000) emphasizes that riparian 
forests are of utmost importance for the protection of 
water resources, as the surrounding forest protects them 
against erosion, and consequently against silting. It also 
protects them against the arrival of agrochemicals and 
sediment and improves the physico-chemical and 
microbiological quality of the water. In this way, it is 
possible to evaluate how the lack of vegetation affects 
some of the sources visited, because without vegetation 
they are susceptible to pollution and external 
contamination. 

Table 8. Environmental quality of sources - 
Macroscopic results. 


Sour 

ces 


Parameters 

A 

B 

C 

D 

E 

P 

Water color 

1 

2 

1 

1 

1 

3 

Odor 

3 

3 

2 

3 

3 

3 

Refuse in 
vicinity 

2 

3 

1 

2 

1 

3 

Floating 

materials 

3 

3 

3 

3 

2 

3 

Scum 

3 

3 

3 

3 

3 

3 

on 

3 

3 

3 

3 

3 

3 

Sewage 

3 

3 

3 

3 

3 

3 

Vegetation 

1 

1 

1 

1 

1 

2 

Usedbyanimal 

s 

1 

1 

1 

1 

2 

3 

Anthropic use 

3 

1 

1 

1 

2 

3 

PresenceofPP 

1 

1 

1 

1 

1 

9 

A 


Proximityto 

homes 

3 

3 

3 

2 

3 

2 

Typeofowners 
hip area 

1 

2 

1 

2 

1 

3 

Total score 

28 

29 

24 

26 

26 

36 

Classification 

Bad 

Ba 

d 

Very 

Bad 

Very 

Bad 

Very 

Bad 

Go 

od 


hi the area under study, according to the 
Forestry Code, there should be a 30-meter stretch of 
PPA, along the total length of the Grande river, as it is 
less than 10 meters wide. And sources should have a 50- 
meterradius of PPA. It should have a total preservation 
area of 0.858 km 2 but has only 0.430 km 2 . Therefore, 
public policies should be drawn up to control the use and 
cover of the micro basin, as a means towards preserving 
the availability of water at the source which supplies the 
town and preventing problems, such as water crises or a 
lack of drinking water. 

Agriculture and cattle raising are predominant 
in the micro basin with an extensive area of pasture. 
However, as the soil is fragile and susceptible to erosion, 
most pasture land is very degraded. On analyzing the 
data on land use and cover in the micro basin, shown in 
Figure 4, it was seen that combined agriculture and cattle 
raising represents about 5,109 km 2 , which corresponds to 
59.13% of the total Grande river micro basin area. Native 
vegetation corresponds to 3,121 km 2 , or about 36.12% of 
the total area while the urban area occupies 0.18 km 2 , or 
2.10% of the area. 

The results of soil vulnerability in relation to 
land use and cover are presented in Table 9. According 
to Pinto et al. (2014), the result of the weighted area, 
divided by the total basin area of 2.95 could be 
considered level 3 or average in the scale of vulnerability 
to surface erosion, because in their analysis the values 
obtained from this same type of evaluation of the basin 
of the Esprnto Santo river in Minas Gerais ranged from 
2.89 to 2.84, which is medium vulnerability while from 
3.44 to 3.97 represents high vulnerability. 

Table 9. Determination of vulnerability in relation to 


land use and cover. 


Unit of 

use/cover 

Weight 

Area of 

use/cover 

(km 2 ) 

Weightedarea 

(km 2 ) 

Forest 

1 

3,121 

3,121 

Pasture 

4 

5.37 

21.48 

Urban area 

5 

0.18 

0.9 

Total weightedarea (km 2 ) 

25,501 

Total hydrographic basin area 

8,671 

(km 2 ) 




Vulnerability 



2.95 
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Fig.4. Map of land use and cover in the Grande river 
micro basin. 


The land use situation in the micro basin is a 
result of deforestation of the Cerradowith a view to 
intensifying cattle raising, which is the basis of the 
economy in the region. Therefore, areas which should be 
destined for permanent preservation (PPA), such as river 
margins and land surrounding sources and springs, were 
transformed to accommodate the expansion incattle 
raising. Hence, the calculation of areas destined for 
preserving river margins and sources in the basin yielded 
a deficit of 0.428 km 2 (Figure 5). 

The deficit in forest area related to PPAs was 
detected in studies of drainage basins located in rural 
areas by Umetsuef al. (2012) in Mato Grosso, 
Pompennayere/ al. (2016) in the Federal District, 
Oliveira et al. (2013) in Goias and Sampaio et al. (2010) 
in Rio Grande do Sul, by means of a study of physico- 
conservationist deterioration. However, the issues 
surrounding forest conservation in rural areas whether 
forest reserves or PPAs have not yet yielded the results 
expected with the promulgation of the July 18, 2000, 
Law 9985, National System of Conservation Units 
(BRASIL, 2000). 



Fig.5. Representative map of the PPAdeficit in the micro 
basin. 


IV. CONCLUSION 
hi general, the Grande river micro basin 
presented medium vulnerability to erosion and critical 
environmental quality, influenced by the fact that a large 
part of the land is covered by pasture. The steep slope, 
soil type and the morphometric characteristic of the 
drainage area create an environment susceptible to 
degradation, thereby compromising the water supply to 
Fazenda Nova. Although drainage density was classified 
as good, the morphometric and land use and cover 
parameters were mainly responsible for the alarming 
result of the physico-environmental quality of the region. 

Analysis of the physico-environmental 
characteristics in a GIS environment proved adequate for 
evaluating morphometric, topographic, land use and 
cover and quantitative parameters of the preservation 
areas of the Grande river micro basin. However, the 
study showed critical quality levels and an environment 
susceptible to erosion processes, thereby subjecting 
water bodies to silting, leaching and loss of drinking 
water quality. 

The predominance of cover involving pasture 
and PPAs at a level of almost half of what there really 
should be in the riparian margins, and especially the very 
bad classification of the sources, where the majority do 
not have a preservation area of 50 meters, suggest the 
need to adopt mitigatory measures involving 
revegetation and the implementation of a stewardship 
plan for land use and cover and for water, in order to 
guarantee the qualitative and quantitative conservation of 
the water bodies supplying the region and control the 
growth of the agricultural and cattle raising activities. 
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